Background Examining responders and non-responders to behavioral lifestyle interventions among overweight/obese adults with additional comorbidities may aid in refining and tailoring obesity treatment. Purpose The purpose of this study is to demonstrate the use of latent class analysis to identify patterns of response to behavioral lifestyle interventions based on adherence to diet and exercise recommendations. Method Repeated measures latent class analysis was applied to two clinical trial datasets, combination of two active interventions in the PREMIER Trial (n=501) and phase 1 of the Weight Loss Maintenance Trial (WLM; n=1685), to identify patterns of response to behavioral lifestyle interventions.
Introduction
Behavioral lifestyle interventions are generally effective treatments for obesity with mean losses of 8-10 % of initial weight in clinical trials [1, 2] . However, when considering translation and dissemination of these lifestyle interventions into clinical practice, it is important to understand not only if the intervention is efficacious at the group level, but also for whom it is most effective. Examining who responds versus does not respond to current lifestyle interventions may aid in the refining and tailoring of obesity treatment to individual needs.
Effectiveness of a lifestyle intervention is often determined by a specific criterion for the clinical outcome of interest. In obesity treatment, individuals who lose 5 % or greater of their initial weight either during active intervention or by the end of the intervention are generally considered responders to treatment [3, 4] . Individuals who do not complete the intervention or who lose <5 % of their initial weight are described as nonresponders [4] . However, defining response to a behavioral lifestyle intervention only in terms of weight outcomes may not provide a complete description of intervention efficacy. The direct outcome of any successful behavioral lifestyle intervention is behavior change (e.g., consuming a healthier diet and increasing physical activity), and improvements in clinical outcomes are a result of these behavioral changes. Thus, whether or not an individual meets the behavioral goals (e.g., diet and exercise recommendations) specified by the lifestyle intervention program should also be considered an indicator of treatment response.
There are typically multiple behavioral recommendations for participants to meet over the course of a behavioral lifestyle intervention. Thus, classifying participants as responders or non-responders becomes more complex because treatment response is defined by multiple behaviors. Latent class analysis (LCA) is a person-centered, model-based approach that can be used to examine unique clusters of individuals that have a similar response pattern across multiple characteristics [5, 6] Traditional analytic approaches (e.g., factor analysis) focus on relationships among variables. In contrast, the focus in LCA is on the relationship among persons within the sample. Individuals are classified based on the probability of belonging to a certain latent class [5] .
In this secondary data analysis, LCA was applied to two multi-center randomized clinical trial datasets (PREMIER [7, 8] and Weight Loss Maintenance [9] ) to determine if we could identify distinct subgroups of overweight/ obese participants based on their patterns of behavioral response to a behavioral lifestyle intervention. Only participants with body mass index ≥25 kg/m 2 in each trial were included in the secondary analyses. Response to treatment was based on adherence to daily diet and exercise recommendations specified in each trial over 6 months. In addition to identifying distinct subgroups based on behavioral response, we compared these groups on weight outcomes. We applied LCA because we wanted to examine response to behavioral lifestyle intervention based on multiple indicators of treatment response. An advantage to using LCA is that multiple characteristics that classify individuals into subgroups can be examined simultaneously instead of examining each characteristic separately, which may increase the chance for type 1 error [6] . LCA provides the ability to examine the effect of meeting multiple behavioral recommendations, but does not limit the ability to identify which specific behavioral recommendations participants were able to achieve.
Methods
We conducted secondary data analysis using PREMIER and phase 1 of the Weight Loss Maintenance Trial (WLM) because the behavioral interventions implemented in these two trials are considered traditional behavioral lifestyle interventions as they provide nutrition education, emphasize increase in physical activity, and teach participants behavioral strategies including goal setting, self-monitoring, and problem solving [10] .
PREMIER Trial (Study 1)
Study design, participants, and procedures for PREMIER have been described previously [7, 11] . In summary, PREMIER was a four-center, randomized clinical trial designed to test the effects of lifestyle modification on blood pressure, weight, and diet among adults ages 25 and older with either prehypertension or stage 1 hypertension. Participants were randomly assigned to one of three conditions: 1) an "advice only" condition (not included in our analyses); 2) a lifestyle intervention referred to as "Established," that included weight loss, physical activity, and sodium reduction lifestyle recommendations; or 3) "Established plus DASH," a lifestyle intervention that consisted of the established intervention plus promotion of the Dietary Approaches to Stop Hypertension (DASH) diet [12, 13] . The Established and Established plus DASH diet interventions occurred over 18 months. Both lifestyle interventions consisted of 18 face-to-face sessions (14 groups and 4 individuals) over the first 6 months and 15 face-to-face sessions (12 groups and 3 individuals) for the remaining 12 months. Sessions were held weekly in the first 3 months, biweekly for the next 3 months, and monthly through 18 months.
For the current analyses, we combined participants randomized to the Established or Established + DASH conditions into one group and only included participants with a body mass index (BMI) ≥25 kg/m 2 (n=501). In both active intervention conditions, participants were provided with the same educational materials on weight loss, physical activity, and sodium. Also, both interventions emphasized self-monitoring of diet and exercise as well as goal setting with action plans, problem solving, relapse prevention, and social support through group interactions. The Established plus DASH intervention differed in terms of dietary education (specific to DASH diet recommendations) and food groups that were self-monitored. Participants from both interventions monitored total calories, sodium, and physical activity minutes, whereas the Established plus DASH also monitored fruit and vegetable servings and total fat intake. Participants who were randomized to the Established or Established + DASH conditions had significantly greater weight loss, blood pressure reduction, and improvement in dietary intake compared to that of participants in the adviceonly condition at 6-and 18-month follow-up [7, 8] . Despite intervention differences between the Established and Established + DASH, there was no significant difference in the amount of weight loss between the two intervention conditions at 6 [7] or 18 months [8] .
Weight Loss Maintenance Trial (Study 2)
The Weight Loss Maintenance Trial (WLM) [9] was also a multi-center trial designed to compare two active strategies (interactive technology and personal contact) to a selfdirected approach for weight loss maintenance among overweight/obese adults who were also taking medications for hypertension, dyslipidemia, or both. In phase 1 of WLM, 1685 participants were enrolled in a 6-month intensive behavioral lifestyle intervention [14] . The intensive behavioral lifestyle intervention consisted of 20-weekly, 2-h group sessions over the course of 6 months. Group sessions were supplemented with occasional individual contacts by phone or in person to assist participants with specific behavioral changes. Session content was similar to the material used in the Established + DASH intervention in PREMIER (study 1) and focused on goal setting, nutrition and physical activity education, problem solving, and social support. Participants were asked to follow the DASH diet [12, 13] and self-monitor dietary intake and minutes of physical activity daily.
Participants who lost ≥4 kg at the end of phase 1 were then randomized to one of three maintenance strategies in phase 2 (n=1032): 1) self-directed, 2) interactive technology, or 3) personal contact [9] . Although there was weight regain over 30 months across the three conditions, findings suggested that brief, monthly personal contacts provided some benefit for sustaining weight loss long term [9] . For the current analysis, we were interested in behavioral response to intensive behavioral lifestyle weight loss interventions; therefore, we only used data from phase 1 of WLM (n=1685).
Measures PREMIER (Study 1) Clinic weight measurements were collected at baseline, 6, and 18 months and were used to calculate 6-and 18-month percent change in weight. Data from the 6-and 18-month assessments was also used to calculate 12-month (i.e., between 6 and 18 months) percent change in weight. Two unannounced 24-h dietary recalls were administered via telephone by a trained staff at baseline, 6-, and 18-month follow-up visits to assess dietary intake [7] . A 7-day physical activity recall was administered at each clinic visit and used to calculate minutes in moderate-to-vigorous activity [15, 16] . Participants in the Established and Established plus DASH interventions were asked to record food and beverage intake and minutes of physical activity in a food and fitness diary at least 3 days each week. Frequency of self-monitoring was equal to the number of days in which participants kept food records and recorded minutes of exercise since their last intervention session summed over 6 months.
WLM (Study 2)
Clinic weight measurements during Phase 1 of WLM (study 2) were collected at baseline and 6 months. The Block Food Frequency Questionnaire [17] and accelerometry were used to assess usual dietary intake and minutes of physical activity, respectively, at baseline and 6-month follow-up. For the accelerometry, participants were asked to wear the accelerometer for at least 10 h per day for at least 4 days including 1 weekend day. Participants were also asked to keep a daily record of food intake and minutes of physical activity. Adherence to self-monitoring was based on the number of food and activity diaries participants turned in over the 20-week intervention. We used repeated measures LCA (RMLCA) [5] to identify distinct subgroups of participants based on their behavioral response to the PREMIER (study 1) or WLM (study 2) behavioral lifestyle interventions during the intensive phase of the interventions (initial 6 months). Behavioral response to treatment over 6 months was examined because that is the time period in which the most weight loss occurred in both trials. In the current analysis, the behaviors of interest (i.e., characteristics) consisted of four specific dietary and one physical activity recommendation. Because participants from the two active intervention conditions in PREMIER (study 1) were combined for these analyses, we modified the recommendations to be more modest to account for differences in dietary education and targets between the two interventions (see Table 1 ). Specifically, the fruit/vegetable intake recommendation was set at five or more servings per day to be consistent with the original food guide pyramid recommendations [18] and the recommendations for energy from total fat (≤30 % per day) and saturated fat (≤10 % per day) were based on the Established condition targets and were also consistent with national recommendations [18] . However, for WLM (study 2), because the DASH diet was emphasized, DASHspecific recommendations for fruit/vegetable (9-12 servings), fat (≤25 % energy from fat), and saturated fat (≤7 % energy from saturated fat) consumption were used in the analyses (see Table 1 ).
For both datasets, we created 10 binary variables (yes or no) to indicate for each participant whether he or she met the five diet and physical activity recommendations at baseline and at 6 months. Response to treatment was defined based on the pattern of responses (yes or no) across the five recommendations and across time (at baseline and at 6 months), rather than the change in number of recommendations met from baseline to 6 months. This definition allowed classification of individuals based on adherence to multiple health behaviors, while not sacrificing the ability to identify which specific behavioral recommendation(s), participants were able to achieve. The RMLCA models were run using Mplus version 7. With 10 indicators (5 behaviors at each time point), each with 2 response options (yes or no), there were 2^10=1024 different possible response patterns or latent classes. An advantage of using RMLCA is that it provides a parsimonious summary of a large contingency table such as this and outputs only the most common response patterns within the sample [5] .
In RMLCA, there are two estimated parameters using maximum likelihood, latent class prevalence and itemresponse probability [5] . Latent class prevalence indicates the proportion of individuals who share a similar response pattern across the five behaviors and across time (i.e., belong to the same latent class). Item-response probability is the probability of meeting a behavioral recommendation given the response pattern or latent class membership. For the current analysis, item-response probabilities <0.5 indicated that the given class had a low probability of meeting the specified behavioral recommendation at that time point; item-response probabilities ≥0.5 indicated that the class had a high probability of meeting the behavioral recommendation. RMLCA models with one to five latent classes (i.e., response patterns) were estimated. Fit indices were examined to aid in selection of the optimal model for the data. Specifically, better model fit was suggested by a lower Akaike information criterion (AIC) [19] ; a lower Bayesian information criterion (BIC) [20] ; a significant Lo-Mendell-Rubin likelihood ratio test, suggesting the more complex model (i.e., model with more patterns) fits the data better than the model with fewer patterns [21] ; entropy, the estimate of certainty of classification (ranging from 0 to 1); and meaningfulness or interpretability of the response patterns.
To further distinguish the subgroups that emerged from the RMLCA, in PREMIER (study 1), we compared them on 6-and 18-month percent change in weight as well as proportion meeting the five diet and exercise recommendations at 18 months. For WLM (study 2), we compared the subgroups on 6-month percent change in weight.
Results

PREMIER (Study 1)
Among the 501 participants included in the analysis of PREMIER (study 1) data, 61 % were female, 35 % selfreported Black/African American, 1.8 % self-reported White Hispanic (remaining participants self-reported White/ Caucasian as their race/ethnicity), 32 % with BMI 25-29.9 kg/m 2 , and 68 % with BMI ≥30 kg/m 2 . Mean (SD) age was 50 (8.7) years. Participants, on average, attended 12 of the 18 intervention sessions (67 %) during the initial 6 months and 10 of the 15 intervention sessions (67 %) over the next 12 months. Across the behaviors, there was a 22-35 % increase in number of participants meeting the recommendations from baseline to 6 months, with the largest increase occurring in the number of participants meeting recommendations to reduce sodium intake to <2300 mg and limit energy from total fat to ≤30 % of energy (both had a 35 % increase). The lowest overall percent increase was for the number meeting the physical activity recommendation of 180 minutes of moderate activity per week.
RMLCA-Model Selection
After examining a series of latent class models and comparing them on the fit indices and meaningfulness (see Table 2 ), a three-class model was selected and interpreted. The classes represent behavioral adherence patterns across the five behaviors over the initial 6 months of the intervention and correspond to common response to treatment patterns within the sample. In RMLCA, a posterior probability is estimated for each participant, which indicates the probability that the individual belongs to a certain class. The average posterior probability for each of the three classes was ≥0.85, suggesting that on average, participants were appropriately classified in each class [5] .
Nearly half of the participants (n=230; 45.9 %) are classified as "Responders" as they did not meet any of the behavioral recommendations at baseline (item-response probabilities <0.5), but had a high probability of meeting all the recommendations at 6-month follow-up (see Table 3 ). Thirty percent of the participants (n=153) were already meeting three dietary recommendations (i.e., fruit/vegetable intake, energy from total fat, and energy from saturated fat) at baseline and continued to do so at 6 months, but did not meet the sodium intake and physical activity recommendations until the 6-month follow-up. This subgroup of participants is referred to as the "Early Adherers" given that they were already meeting three of the recommendations at baseline and continued to meet these along with two additional recommendations at 6 months. Finally, the third class of participants (n=118; 23.6 %) are described as "Non-Responders" as they had a low probability of meeting any of the behavioral recommendations at baseline and at 6 months. Table 4 presents similar data to  Table 3 , but provides further details on the mean amount of each macronutrient or food group consumed and minutes of moderate intensity physical activity for each class at baseline and 6 months based on the 24-h dietary and 7-day physical activity recalls administered.
We also conducted equality tests of means across the classes using the auxiliary e function within Mplus [22] to better characterize the three classes on number of sessions attended in the first 6 months and number of days of selfmonitoring diet and exercise over the first 6 months. The overall test comparing mean session attendance across the classes was significant (χ 2 = 14.67, p = .001); Early Adherers and Responders attended, on average, significantly more sessions compared to that of Non-responders (13 versus 11 sessions, respectively; p<.001). In terms of dietary self-monitoring, Early Adherers and Responders (both 74 days on average) monitored food and beverage intake on significantly more days over 6 months compared to that of Non-responders (54 days on average), overall p < .001. Early Adherers (66 days on average) and Responders (64 days on average) also self-monitored minutes of physical activity on significantly more days than that of Non-responders (48 days on average), overall p<.01.
Comparison of Latent Classes on Weight and Behavioral
Outcomes The three latent classes were compared on percent weight change from baseline to 6 months, 6 to 18 months, baseline to 18 months, and the proportion within each class meeting the five diet and exercise recommendations at 18-month follow-up. Figure 1 displays the mean percent weight change over 18 months for each latent class. Non-responders had a mean 6-month percent weight loss of −2.1 % (M= −3.92 kg, SE=.52), which was significantly lower than the weight loss for Early Adherers (M = −5.9 %, SE = .58; −5.24 kg, SE=.47, p<.001) and Responders (M=−7.3 %, SE=.50; −6.34 kg, SE=.43, p<.001). There was no significant difference in 6-month percent weight loss between Early Adherers and Responders. Participants, on average, across each latent class gained weight over the remaining 12 months Rho (ρ) is the item-response probability (i.e., probability that recommendation is met at given time point for the given latent class). Rho (ρ)>0.5 indicates high probability of meeting recommendations (<0.5 indicates low probability of meeting recommendations Figure 2 presents the proportion of participants within each latent class meeting the diet and physical activity recommendations at 18 months. Across all behaviors, Early Adherers had a higher proportion still meeting the recommendations at 18 months. Specifically, a significantly higher proportion of Early Adherers compared to Non-responders and Responders met the fruit/vegetable, percent energy from total fat, percent energy from saturated fat, and the sodium intake recommendations at 18 months. A significantly higher proportion of Responders met the percent energy from total fat, saturated fat, and fruit/vegetable intake recommendations compared to that of Non-responders. There was no significant difference among the classes on proportion meeting the moderate intensity physical activity recommendation of 180 minutes per week, which all fell approximately at or below 60 % of participants.
WLM (Study 2)
In phase 1 of WLM (n=1685), 67 % of the participants were female, 44 % self-reported Black/African American race/ethnicity (remaining participants self-reported White/ Caucasian as race/ethnicity), and 79 % had a BMI ≥30 kg/ m 2 [13] . Mean (SD) age was 54.8 (9.1) years. Participants, on average, attended 14 of the 20 intervention sessions (72 %). There was a 17-40 % increase in number of participants meeting the recommendations from baseline to 6 months, with the largest increase occurring in the number of participants consuming 9-12 servings of fruits and vegetables. The lowest overall percent increase was for the sodium intake recommendation of <2300 mg per day and the physical activity recommendation of 180 minutes of moderate activity per week.
RMLCA-Model Selection
After examining a series of latent class models and comparing them on the fit indices and meaningfulness (see Table 5 ), a four-class model was selected and interpreted for WLM (study 2). The average posterior probability for each of the four classes was ≥0.74. Approximately 16 % (n=272) of the participants are considered "Partial Responders" because they only met the sodium recommendation at baseline, but had a high probability of meeting the fruit/vegetable, total fat, saturated fat, and sodium intake recommendations at the 6-month follow-up (Table 6 ). Similar to PREMIER (study 1), phase 1 of WLM (study 2) also had a small number of participants considered Early Adherers (2 %, n=40) who were already meeting the total fat, saturated fat, and the sodium intake recommendations at baseline and met all of the recommendations except for physical activity at 6 months. Forty percent (n=677) of the participants were considered Non-responders because they did not meet any of the behavioral recommendations at baseline or 6 months with the exception of meeting the sodium intake recommendation at both baseline and 6 months. There was also another large subgroup that emerged among phase 1 WLM (study 2) participants described as "Fruit/Vegetable Only Responders" (41 %, n=696). These participants only met the fruit/vegetable recommendation at 6 months, but no other behavioral recommendations at either baseline or 6 months.tgroup1
The overall test comparing mean session attendance across the classes was not significant (χ 2 =4.84, p= .18). Nonresponders and Fruit/Vegetable Responders attended, on average, 14 sessions, Partial Responders attended 15 sessions, and Early Adherers attended 16 of the 20 sessions. There was a significant overall difference in the number of food and physical activity diaries turned in over the 20 weeks (χ 2 = 10.01, p=.02). Specifically, Early Adherers turned in significantly more diaries over 20 weeks (14 on average) than that of Non-responders (11 on average); otherwise, there were no other significant differences among the classes. Partial Responders completed 12 diaries on average and Fruit/ Vegetable Responders completed 11. Partial Responders (M=−7.6 %, SE=.85, p=.01; −6.52 kg, SE=.37), Early Adherers (M=−7.3 %, SE=.72, p<.01; −6.09 kg, SE=.73), and Fruit/Vegetable-Only Responders (M=−6.2 %, SE=.32, p<.01; −5.90 kg, SE=.25) all had significantly greater weight loss at 6 months compared to that of Non-responders (M= −4.8 %, SE=.36; −5.18 kg, SE=.23). There was no significant difference in weight loss among Partial Responders, Early Adherers, and Fruit/Vegetable-Only Responders (see Fig. 3 ).
Discussion
Using RMLCA, we identified three distinct subgroups among participants who were randomized to either the Established or Established + DASH behavioral lifestyle interventions, which were combined into one group for the analysis, in PREMIER (study 1): Responders, Early Adherers, and Non-responders. Furthermore, four subgroups emerged among participants in phase 1 of WLM (study 2): Partial Responders, Early Adherers, Fruit/Vegetable-Only Responders, and Nonresponders. Early behavioral response to treatment in PREMIER (study 1) was associated with a greater than 5 % weight loss, on average, in the short term (i.e., initial 6 months Data in italics indicates the best fitting model relative to the other models tested LMRT Lo-Mendell-Rubin Test of treatment) and the long term (i.e., over 18 months). A modest weight loss of 5-10 % of initial weight has been considered a clinically significant weight loss [23] [24] [25] . Also, a high proportion of participants (≥50 %) within the Responders and Early Adherers maintained adherence to the behavioral recommendations at 18 months. For WLM (study 2), a variation of responders emerged (i.e., partial responders and fruit/vegetable-only responders) who achieved clinically significant weight loss (≥5 % of initial weight), on average, by the end of the intensive behavioral intervention phase. Although the behavioral lifestyle interventions implemented in PREMIER (study 1) and phase 1 of WLM (study 2) were very similar, the number and specific characteristics of the behavioral response patterns (i.e., latent classes) that emerged were not quite comparable between the two trials. However, this is not a limitation of LCA, but rather a reflection of the differences in the specific behavioral recommendations used to create the classes as well as differences in the measures used to assess diet and physical activity. The subgroups or latent classes that emerged in PREMIER (study 1) could be considered to have good separation, i.e., the degree to which the classes can be clearly distinguished from each other [5] . Responders were participants who did not meet any of the behavioral recommendations at baseline, but all of them at 6 months, whereas Non-responders did not meet any of the behavioral recommendations at baseline or 6 months. However, in WLM (study 2), Partial Responders, Early Adherers, and Non-responders were all meeting the sodium intake recommendation at both baseline and 6 months and none of the four subgroups met the physical activity recommendation at either time point. There is some evidence that food frequency questionnaires as used in WLM (study 2) can underestimate sodium consumption as compared to 24-h dietary recalls as used in PREMIER (study 1) [26] . Furthermore, accelerometry, used in WLM (study 2) is considered a more objective measure of physical activity and thus less susceptible to bias (e.g., recall bias) like the 7-day physical activity recall used in PREMIER (study 1) [27] .
This study has several strengths and implications for future studies. Latent class analysis has been applied to other health- Rho (ρ) is the item-response probability (i.e., probability that recommendation is met at given time point for the given latent class). Rho (ρ)>0.5 indicates high probability of meeting recommendations (<0.5 indicates low probability of meeting recommendations). No covariates were included in this repeated measures latent class model related observational studies and clinical data to identify subgroups based on behavioral and psychosocial characteristics [28] [29] [30] [31] . However, to our knowledge, this is the first application of RMLCA to use randomized clinical trial data to identify responders and non-responders to a behavioral lifestyle intervention. We extended the literature on response to behavioral lifestyle interventions by examining behavioral outcomes as indicators of response, not just weight outcomes. Furthermore, LCA has several advantages over more conventional analytic approaches that can be used to classify individuals. Logistic regression assumes that the classes or subgroups are known and only involves establishing predictors of class membership. In contrast, in LCA, the classes are not known, thus they are latent, and are identified using a set of three or more characteristics (i.e., indicators) that are theoretically relevant to the construct of interest (e.g., behavior change). Also, LCA does not limit the number of possible classes/ subgroups like logistic regression, so there is an opportunity to model numerous patterns of behavioral change. Although cluster analysis has been used to classify individuals in health behavior change research [30] , this approach is limited to use with cross-sectional data. LCA allows for repeated measures and uses data from each time point to classify the individual, therefore accounting for the inherent correlation between each repeated measure [32] . Principal components analysis has previously been used to examine different profiles, particularly, weight change trajectories within a large clinical trial [33, 34] . However, principal components analysis does not account for the uncertainty in classifying individuals when comparing the components/factors on distal outcomes. In LCA, the categorical latent variable structure is maintained, and any uncertainty or classification error in the classification of individuals is adjusted for when predicting class membership or when using the classes to predict an outcome such as weight change [32] . There are several limitations to address. First, measures of dietary intake (24-h dietary recall and Block FFQ) and physical activity (7-day physical activity recall in PREMIER only) were obtained by self-report and were therefore subject to bias. However, unannounced 24-h dietary recalls were performed by trained personnel who applied the multiple pass method to obtain the most accurate information during the PREMIER trial (study 1). Furthermore, a more objective measure, accelerometry, was used in WLM (study 2) to assess physical activity. Second, adherence to behavioral recommendations was based on a single assessment, which may not necessarily reflect adherence on a daily basis. Third, response to treatment was based on adhering to five prespecified recommendations or cut points; thus, absolute change in a specific behavior was not represented in the determination of treatment response. For instance, although not at the recommended target, non-responders across both trials, on average, reported a decline in fat intake as well as an increase in fruit/ vegetable intake and physical activity over 6 months. Future studies may consider the use of latent profile analysis to maintain the continuous nature of the behavioral variables while identifying distinct subgroups of treatment response based on mean changes [35, 36] .
Use of RMLCA to analyze future behavioral study data has implications for the development of more adaptive interventions in clinical settings [37, 38] . Replication of this analytic approach in other behavioral lifestyle intervention studies is needed to start to identify common baseline and treatmentrelated characteristics across studies that distinguish treatment responders and non-responders. Furthermore, by examining patterns of adherence across behaviors during treatment, we can identify treatment responders and non-responders early on and revise or tailor the intervention based on the needs of the individual. For instance, in PREMIER (study 1), an adaptive intervention would consist of the original active lifestyle interventions as previously described and at 6 months, participants who are considered early adherers may be given the option to decrease intensity, responders would be encouraged to continue treatment as is for the remaining 12 months, and non-responders would perhaps be given the option of a more intense intervention or a totally different treatment approach.
In summary, in both PREMIER (study 1) and WLM (study 2), there were subgroups of behavioral responders and nonresponders that emerged using LCA and were validated based on significant differences in weight loss outcomes. These findings are important in that they allow us to go beyond establishing efficacy of the intervention and begin to examine for whom treatment is most effective when considering an effectiveness trial or dissemination of the intervention into clinical settings.
